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We investigated the effect of SiC nano-particle doping on the crystal lattice structure, critical 
temperature T c , critical current density J c , and flux pinning in MgB2 superconductor. A series 
of MgB2_ x (SiC) x /2 samples with x = to 1.0 were fabricated using in-situ reaction process. The 
contraction of the lattice and depression of T c with increasing SiC doping level remained rather 
small due to the counter-balanced effect of Si and C co-doping. The high level Si and C co-doping 
allowed the creation of intra-grain defects and highly dispersed nano-inclusions within the grains 
which can act as effective pinning centers for vortices, improving J c behavior as a function of the 
applied magnetic field. The enhanced pinning is mainly attributable to the substitution-induced 
defects and a local structure fluctuations within grains. A pinning mechanism is proposed to account 
for different contributions of different defects in MgB2-a; (SiC)^ superconductors. 

PACS numbers: 74.62.Dh, 74.62.Bf, 74.60.Ge 



I. INTRODUCTION 

Extensive research efforts have been made for increas- 
ing the critical temperature (T c ) in MgB2 since, super- 
conductivity in this compound was discoveredcl. The 
most commonly used procedures are high pressure treat- 
ment and element substitutions as summarised in a re- 
cent review article by Buzea and Yamashitaa and refer- 
ences therein. It appears that all element substitutions 
caused crystal lattice contraction and reduced T c . The 
elements which do not considerably reduce T c are Zn, 
Si and Li. However, all element substitutions reported 
so far arc limited to single element doping. Because of 
the rigid lattice structure and small number of elements 
in the MgB2 compound the level of substitution is sub- 
stantially restricted, otherwise T c would be strongly de- 
pressed. Furthermore, the majority of studies on substi- 
tution-was carried out to replace Mg except recent work 
on Cuu and SiQ substitutions aimed at replacing B. 

Another important goal of substitution is enhancement 
of pinning in MgB2. In spite of impressiver^fls re fi s .oa 
improving the critical current density ( J c )&lOBBll3ll2l'tHl 
at temperatures above 20 K, which is considered to be 
the benchmark operating temperature for this material, 
J c rapidly drops with increasing magnetic field (H) due 
to its poor pinning ability. If MgB2 is to be useful in 
high fields, the flux pinning strength must be improved. 
Attempts have been made to enhance.-the flux pinning 
by oxygen alloying in MgB2ptiiin filmscij and by proton 
irradiation of MgB2 powderta, which led to an encour- 
aging improvement of both irreversibility field (H lrT ) and 
J C {H). The question is whether one can introduce ef- 
fective pinning centers into MgB2 by chemical doping. 
Numerous attempts have been made to improve flux pin- 
ning using this procedure. The results for doping into 



MgB2 reported so far are largely limited to addition 
rather than substitution of the doping elements. Ad- 
ditives appeared to be ineffi^ctiva for pinning enhance- 
ment at high temperaturestjEjO. However, if doping 
elements are substituted into, instead added to MgB2 
crystals, pinning properties can be much improved by in- 
duction of a net of intra-granular defects due to crystal 
lattice distortions and local fluctuations of the supercon- 
ducting order parameter. Both can strongly contribute 
to pinning. Indeed, pinning reinforcement research in 
MgB2 has to be focused on intra-granular pinning as the 
weak-link problem is insignificant for this materialtSEa, 
unlike for high-T c systems. Therefore, it is necessary to 
have a high level and multi-element substitution, creating 
effective pinning sites but not lowering T c dramatically. 
Indeed, for MgB 2 , the boron plane is responsible for su- 
perconductivity, therefore it is desirable for substitution 
to take place of B positions, which would induce local 
fluctuations of the superconducting order parameter. 

In our previous work0, we doped MgB2 with SiC 
nano-particle powder, producing MgB2(SiC);c compound 
where x = to 0.34. It was found that the added SiC 
was dissolved within the crystal lattice; that Si and C co- 
substitution resulted in a surprisingly modest reduction 
of T c (only 2.6 K for x — 0.34); and that vortex pinning 
was significantly increased, drastically improving J C (H) 
behaviorEEI. However, from the doping procedure it was 
difficult to estimate the level of substitution upon in- 
creasing x. Excessive secondary phases also appeared, 
as 10 nm inclusions inside the MgB2 grains. It was not 
quite clear what was the predominating factor for the 
enhanced pinning: the substitution or the inclusions. In 
this detailed work, we report not only the influence of SiC 
co-substitution for B in the form of MgB2_ a: (SiC), E /2 with 
x varying from to 1 on different aspects of superconduc- 
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tivity in its material, but also show that the substitution 
governs the improved J C (H) performance, whereas impu- 
rities (inclusions) bear an assisting role, having a consid- 
erable contribution to the pinning of vortices presumably 
at relatively low fields. 

In the next section we describe the sample prepara- 
tion procedure and experimental details. In Section III, 
we show the effect of substitution on MgB2 crystal lat- 
tice contraction and phase composition (Sect. Ill A); in 
Section III B we discuss reasons for a small critical tem- 



perature degradation for relatively high SiC-doping level, 
and show that T c degradation due to the substitution is 
similar to the effect of hydrostatic pressure applied to 
MgB2; in Section [II C| we mainly deal with critical cur- 
rent density behavior as a function of the applied field 
and temperature, providing evidence for the improved 
performance as a result of SiC doping procedure. We also 
propose a quantitative pinning mechanism to account for 
the J C (H) behavior. In the last section we summarize the 
obtained results and conclusion. 
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FIG. 1: X-ray diffraction patterns for all the measured 
MgB2(SiC) :E; /2 samples. 



II. EXPERIMETANL 

MgB2 samples were prepared by the in-situ [reaction, 
which has been previously described in detailsEJ. Pow- 
ders of magnesium (99%) and amorphous boron (99%) 
were well mixed with powder of SiC nano-particles, vary- 
ing from 10 nm to 100 nm in size, with an atomic ratio 
of MgB 2 _ a; (SiC) a! /2, where x = 0, 0.04, 0.1, 0.2, 0.3, 0.5, 
0.65, 0.8, and 1.0. The mixed powders were filled into Fe 
tubes. The composite tubes were groove-rolled, sealed 
in a Fe tube and then directly heated at preset temper- 
atures to 950°C, for 1 hour in flowing high purity Ar. 
This was followed by quenching to the liquid nitrogen 
temperature. 

X-ray-powder diffraction (XRD) measurements were 
performed on undoped and SiC-doped samples. The X- 
ray scans were recorded using Cuk q = 1.5418 A, and in- 
dexed within the space group P6/mmm. Microstructure 
and micro-composition were characterized using scanning 
electron microscope (SEM) and transmission electron mi- 
croscope (TEM) equipped with an energy dispersive X- 
ray spectroscopy analyzer (EDS) and mapping analysis. 
The magnetization as a function of temperature T and 
magnetic field H applied along the longest sample di- 
mension was measured using a Quantum Design Mag- 
netic Property and Physical Property Measurement Sys- 
tems within the field range \H\ < 9 T, and within the 
temperature range of5K<T<30K.A magnetic J c 
was derived from the half-width of magnetization loops 
AM = (\M+\ + \M~\)/2 (M+ and M~ are descend- 
ing and ascending branches of the magnetization loop, 
respectively), using the following critical state model for- 
mula: J c = klOAM/d, where k = 12w/(3w — d) is a 
geometrical factor, with d and w being sample thickness 
and width, respectively. All the samples were of a sim- 
ilar rectangular shape and size. Because of the strong 



thcrmo-magnctic flux-jump instabilities the low field J c 
could not be measured at T < 10 K. 



III. RESULTS AND DISCUSSION 
A. Structural change of MgB2 due to substitution 

Fig. |l| shows X-ray diffraction patterns for the series of 
MgB2-a;(SiC) x /2 samples where x = to 1.0. For the in- 
phase reflection which occurs between 29 = 33° and 29 — 
34° indexed as (100), the centroid of the peak clearly 
shifts to higher 29 values with increasing x, indicating a 
contraction of the a-axis of the crystal lattice. For the 
(002) reflection peak, which occurs between 29 = 51° and 
29 = 52°, the shift to higher 29 values with increasing x 
is relatively small. The change of the lattice parameters, 
a and c of the hexagonal AlB2-type structure of MgB2 
were calculated using the peak shifts shown in Fig. 0. 

At lower doping level (x < 0.1), the sample consists of 
a major phase with MgB2 structure. At x > 0.1 minority 
phase Mg2Si and trace amount of MgO were identified. 
The amount of these non-superconducting phases was in- 
creased with increasing SiC doping level. At x = 0.1 to 
0.2, the minority phase Mg 2 Si occupied about 10% vol- 
ume fraction. This minority phase increased to about 
30% volume fraction for 0.3 < x < 0.5. At x = 0.65, the 
amount of non-superconducting phases already exceeded 
MgB 2 . At x = 1.0, the reflection peaks (100) and (002) 
for MgB2 structure disappeared, and the sample consists 
of multi-phases which can no longer be indexed as the 
MgB 2 structure (Fig. g). 

Both crystal lattice axes are sharply reduced at low 
doping levels x < 0.04 (Fig. ||), nevertheless the sample 
overwhelmingly remained as the single phase (Fig. n]). 
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FIG. 2: Lattice parameters o and c as a function of the nomi- 
nal SiC content x. For comparison, the variation of the a-axis 
for the single element C substitution for B taken from Ref. |^ 
is also shown. 



After the sharp contraction, the a-axis continues to mod- 
erately decrease with increasing doping level till the nom- 
inal composition x = 0.65 is reached. In the same time, 
the c-axis remains almost constant. The negligible c-axis 
variations are within the experimental error. These re- 
sults suggest that at the low doping level the SiC-dopant 
is to a large extent dissolved in the MgB2 crystal lattice. 
As the doping level grows the substitution effect slows 
down, but it can still be quite effective up to x ~ 0.5, 
where the a-axis change reaches a quasi-plateau (Fig. ||). 
Furthermore, the slow variation in the a-axis with in- 
creasing SiC doping level indicates that B was substi- 
tuted by C and Si. In comparison, pure C substitution 
for B resulted in a. reduction of the a-axis from 3.085 to 
3.070 at x = 0.0650 (Fig. |), while the co-doping of Si and 
C for B reached the similar level of the a-axis reduction 
at the nominal composition x — 0.65. This is an order 
magnitude higher than the single C doping (Fig. |^). It is 
clear that the Si and C substitution raised the saturation 
level considerably. It is probably due to the fact that 
the average atomic radius of C (0.91 A) and Si (1.46 A) 
closely matches that of B (1.17 A). Therefore, this co- 
doping counter-Jsalanced the negative effect of the single 
element dopingEl The formation of Mg2Si phase could 
not consume all of Si, the crystal lattice would then show 
a similar contraction to the one obtained for the single el- 
ement C-dopiiiga (see Fig. ||) accompanied by the strong 
decrease o f rjj . This was not observed in our experiment 
(see Sect. [Ill B| ). 

The simultaneous incorporation of C and Si into the 
lattice structure is also supported by energy dispersive 
X-ray spectroscopy analysis on single grains of MgB 2 . 
The analysis clearly shows that Si and C co-exist with 
Mg and B within the same grain (Fig. ||). Moreover, 
the (Si + C) /B ratio obtained for samples having differ- 
ent doping levels quantitatively correlates with the cor- 
responding doping level of the sample. However, we ob- 
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FIG. 3: The EDS analysis results taken on single grains of 
x — 0.2 (a) and x — 0.5 (b) samples. It shows the co-existence 
of Si, C, B, and Mg within each single grain. A small Cu-peak 
in (b) appeared due to the background signal from the sample 
holder. 



served local variations of the signal intensity for C and 
Si across each analyzed grain, suggesting very local vari- 
ations in the substitution level and making a qualitative 
assessment impossible. This is in contrast to Mg and B, 
which appear to be rather uniformly distributed across 
each analyzed grain. In Fig. |3[ we present the spectral 
analysis for two samples having x = 0.2 (a) and x = 0.5 
(b). Note that the B-peak intensity became comparable 
to the intensities of Si- and C-peaks for the higher dop- 
ing level sample (Fig. ||(b)), pointing out that Si and C 
replace B within the MgB2 grains. 



The spectral analysis clearly shows an O peak within 
the MgB 2 grains (Fig. ||). The oxygen itself could be 
brought into the material by SiC dopant which can ab- 
sorb oxygen and moisture during storage. There are two 
reasons why oxygen peak appears in the EDS spectrum 
within the grains. Firstly, it might be due to oxygen al- 
loying in boron layers, which was repotted to result in 
strong pinning in the MgB 2 thin filmal3. Secondly, the 
oxygen peak may be attributable to the presence of MgO 
nano-size inclusions formed within the grains. 
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FIG. 4: The critical temperature onset r° nsct versus the 
doping level for all the measured samples. For comparison, 
T c for the single element doping taken from Ref. ra is also 
shown. 



FIG. 5: The crystal lattice unit cell volume change versus 
yonsct £ Qr investigated doping range. The dotted line is a 
linear fit to the data. 



B. Effect of SiC-doping on T c 

Figure [| shows the onset of critical temperature T° nsot 
as a function of the doping level, as obtained by zero- 
field cooled magnetization measurements at H — 25 Oe. 
The onset was defined at Xdc = —5 x 1CP 5 Emu/cm 3 . 
For undoped sample, T° nsot ~ 38.98 K. For the doped 
samples, T° nset decreases almost monotonically with in- 
creasing doping level. Surprisingly, the degradation of 
yonset g i ows dcwri, and likely reaches a quasi-plateau for 
x > 0.5, whereas for samples having x > 1 the bulk su- 
perconductivity vanishes, at least in the measured tem- 
perature range of 5 K < T < 45 K. The total T° nsct drop 
is only 2.4 K for the superconducting samples with the 
SiC doping level up to x = 0.8 (nominal composition). 
In contrast, T c was depressed by almost 7 K in, the case 
of pure C doping in MgB 2 _ a; C 2: with x = 0.2EI; T c was 
reduced by about 0.5 K iruthe case of Si substitution in 
MgB2- x Si x with x = 0.05O. The latter result suggested 
that silicon substitution has much less dramatic effect on 
depression of T c compared to carbon. There is no data 
available for a higher Si doping level. 

These results also support the idea of the counter- 
balance effect caused by C and Si co-substitution, pro- 
ducing the higher T c tolerance to MgB2 structural 
changes induced by SiC doping. It is evident that the 
co-doping counter-balanced the negative effect on T c of 
the single element doping. 

As widely discussed in the literature, there are two 
factors: lattice structure change and electronic structure 
change that influence T c a. From pressure experiments, 
it was found that T c decreases almost linearly with de- 
creasing lattice volume (see the review paper || and ref- 
erences therein). As far as the lattice volume change 



is concerned, the C substitution for B would cause con- 
traction of the crystal lattice and, hence, reduction of 
the unit cell volume; whereas the Si substitution for B 
would lead to expansion of the lattice and increase of 
the unit volume. Thus, it is plausible for MgB 2 to ac- 
commodate larger amounts of C and Si, than in the case 
of the single element doping. The larger level of substi- 
tution could bring forward an additional T c suppressing 
factor. Indeed, the reduction may occur not only due to 
the lattice contraction, but also due to alteration of the 
electron configuration with the doping. To assess each 
of the possible contributions, we have plotted T° nset ver- 
sus crystal lattice unit cell volume as shown in Fig. ||. 
The resulting dependence is rather linear. Similar lin- 
ear dependences have been obtained for pressure exper- 
iments on pure MgB2 materialE Therefore, this sim- 
ilarity enables us to conclude that our co-substitution 
produces the same effect on T c as in the case of the pres- 
sure induced volume decrease, indicating that the volume 
(structural) factor plays the dominant role in affecting T c 
in Si and C co-doped MgB 2 system. 



C. Effect of SiC-doping on J c and pinning 

Fig. H shows the J C (H) curves for selected samples at 
T = 5 K (a), 10 K (b), 20 K (c), and 30 K (d). The most 
striking feature shown in this figure is that J c (i?)-curves 
for samples with a wide range of doping cross the curve 
of the pure {x — 0) MgB 2 sample, exhibiting significantly 
higher critical current densities at higher applied fields. 
This is [Consistent with our first report on MgB 2 (SiC) a; 
samplesEl The behavior is valid for the samples having 
the doping range of 0.1 < x < 0.65, however J C (H)- 
curves in Fig. @ are shown not for all measured samples 
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FIG. 6: Effect of SiC doping on J C (H) behavior of selected 
investigated samples compared to the pure MgE>2 sample at 
T = 5 K (a), 10 K (b), 20 K (c), and 30 K (d). 



for clarity. For example, samples in the doping range of 
0.1 < x < 0.3 have shown hardly distinguishable J C (H)- 
behavior. It is important further to note at least two 
more interesting features revealed by our study, (i) The 
sample having x = 0.65, showed a relatively good J C (H) 
performance in high fields and T < 30 K (Fig. ^), but 
the striking is that it has as much as more than 50% 
volume fraction of non-superconducting phase, according 
to the XRD results shown in Fig. []]. (ii) At low doping 
level x < 0.1 the J C (H) behavior is surprisingly worse not 
only than that for the pure sample, but also for the higher 
doping level samples (0.1 < x < 0.8). Below, we shall 
discuss possible reasons for the described J C (H) behavior 
shown in Fig. ^, and draw possible pinning mechanisms 
responsible for this behavior. 

First, for our case we rule iQ}>t. the densification ef- 
fect reported in the literaturetSll3 for different doping 
materials, leading to a J c increase in rather low fields 
and temperatures. This would mean that, instead of 
introducing pinning into MgB2, doping would help in- 
crease the density of the material, which would increase 
the effective cross-sectional area for supercurrent trans- 
port and redu ce its percolative flow. In contrast to 
their worksMrT but similarly to the work on Y2O3 nano- 
particle dopinglH, SiC doping showed no densification 
effect as evidenced by the fact that the density of our 
samples is independent of the doping level and equal to 
approximately 1.2 g/cm 2 . This is less than 50% of the 
theoretical density for this material, 2.63 g/cm 2 . This 
can be understood because melting temperature of SiC 
is very high and SiC would not act as sintering aid in the 
temperature range of 800°C to 950°C. Thus, the densi- 
fication can not be claimed responsible for the improved 
J C (H) behavior at high fields in our doped samples. 

In order to describe the origin of pinning enhancement 
which is responsible for the obtained J C {H) behavior, it 




FIG. 7: TEM images of the x = 0.2 and x = 0.5 samples. A 
high dislocation density within grains is shown in (a). Dis- 
locations and round shape inclusions are present within each 
grain (b). The number of inclusions increases with the doping 
level (c). The solid and dotted arrows mark dislocations and 
inclusions, respectively. 



is necessary to recognize the unique feature of SiC doping 
emphasized in the previous sections. It takes place in the 
form of the prevailing substitutioip. .and, addition, while in 
works reported in the litcraturcoajj'ESESEZI element dop- 
ing was in the form of additives, either not incorporated 
into the crystal lattice or incorporated to a lesser extent 
than in our work. This indicates that J c is very sensitive 
to the way impurities are introduced. A question arises, 
what kind of implications does the substitution have on 
pinning properties of the material? 

As already shown in Fig. |^, the substitution causes 
the crystal lattice parameters to contract inducing local 
lattice strains in MgB2-framework. This would create 
not only local fluctuation of the superconducting order 
parameter, but also appearance of a number of crystal 
defects. Indeed, our transmission electron microscopy 
(TEM) investigations clearly show a large number of dis- 
locations within each MgB2 grain (Fig. 0(a)), .which are 
similar to those shown in our previous reporter. Dislo- 
cations are known to serve as strong pinning centersE3. 
Very limited structural study of the MgB2 superconduc- 
tor available in the literature indicated that, pure MgB2 
has only very few atomic-scale dislocationsEj, which can 
hardly provide strong pinning in high fields. Therefore, 
the high density of the dislocations induced by the sub- 
stitution and revealed by TEM is a strong intra-granular 
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source of pinning. The dislocation size is estimated to 
vary from 5 nm to 30 nm which, in average, is larger 
only by a factor of about-.2_.than the coherence length £ 
in MgB2 superconductoJj'Ej. This makes them perfect 
pinning sites, because each vortex line has the diameter 
of the normal core of 2£(T). 

Another conttibuting source of pinning, as in the case 
of Y2O3 dopingEJ, is non-superconducting nano-size pre- 
cipitates, the amount of which grows with increasing dop- 
ing level, as evident by the XRD patterns (Fig. |l]). In- 
deed, the TEM study shows 2 nm to 10 nm large round 
shape particles, presumably Mg2Si, existing within each 
MgB2 grain (Fig. 0(b,c)). Note, the inclusions are in av- 
erage one order of magnitude smaller than initially added 
SiC-particles, indicating that the size of the initial dopant 
powder is not crucial for the final effect. Moreover, the 
amount of these inclusions increases with increasing dop- 
ing level, in particular starting from x ~ 0.2. At lower 
doping, fewer inclusion particles are observed. The op- 
timal J C {H) dependence is reached for the sample with 
x = 0.3 (Fig. H) when the volume fraction of the non- 
superconducting impurity Mg2Si content was about 30% 
(Fig. Q). A further x-increase starts to worsen the J C (H) 
behavior, and, at the same time, the a-axis of the crys- 
tal lattice parameter exhibits a quasi-plateau within the 
experimental error (Fig. |^). This correlation points out 
that the optimal J C (H) behavior is reached when the 
substitution effect has reached its saturation. Presum- 
ably, because at this stage maximum amount of disloca- 
tions and rather high level of inclusions, balanced with 
a reasonable amount of superconducting phase co-exist. 
Further B replacement leads to the gradual elimination 
of the superconducting phase and, hence, worsening of 
J C (H) performance. The abows arguments, together with 
the fact that inclusions aloneE-3 had a less pronounced ef- 
fect than in our case, lead to a conclusion that at high 
fields the substitution, inducing a strongly developed net 
of dislocations, is the dominating source of the pinning 
in the material, which is possibly aided by the localized 
superconducting order parameter fluctuations. The sec- 
ondary, however rather significant role, is held by the 
nano-size impurities confined within the grains. However, 
the point-like round shape inclusions seen in Fig. Q(b,c) 
can be effective only in the case of their extremely high 
density, since their pinning ability is of a "collective" na- 
ture due to their point-like action. This influence would 
be less pronounced in high fields when the vortex- vortex 
interaction is very strong, which makes the vortex lat- 
tice more rigid, so that the point-like defects become 
less important. Since the thermally activated processes 
seem to be negligible in MgB2 superconductor, it is likely 
that the point-like pinning would be temperature inde- 
pendent. This is in contrast to dislocations (extended de- 
fects) which pinning efficiency would be influenced by the 
temperature dependence of the coherence length. The 
higher the temperature, the shorter the coherence length, 
the weaker the pinning since the dislocation size remains 
unchanged. This behavior is seen in the experiment: at 
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FIG. 8: The irreversibility field as a function of x for different 
temperatures. At lower temperatures T < 10 K, Hi IT for 
the samples within 0.1 < x < 0.3 doping range is increased 
beyond the field range accessible by our measuring equipment. 



T < 20 K the high-field part of J c (iJ)-curves is much 
stronger for the best doping performance (0.1 < x < 0.3). 
This is an additional piece of the evidence to favor our 
scenario. 

In figure ^ the available irreversibility fields as a func- 
tion of doping level are plotted for all the samples. Un- 
fortunately, the upper field limitation in our experimen- 
tal techniques did not allow us to measure H lrr for some 
samples at T < 10 K, since the H ur increase for these 
samples having doping level within 0.1 < x < 0.3 was 
too large. However, we would like to note that the sam- 
ple with x = 0.65 has H m larger than that of the pure 
sample at T < 20 K; whereas at T — 30 K it becomes 
smaller than the corresponding value of the pure sample. 
This is in support of our temperature dependence of the 
pinning mechanism outlined above. 

A puzzling situation is imposed by the lowest doping 
level sample having x — 0.04. It shows the J C {H) be- 
havior which is worse than most of the other samples 
except the one with highest "superconducting" doping 
level x — 0.&-, Similar behavior was observed in our pre- 
ceding workEJ, but it remained unexplained. This be- 
havior is also well seen in Fig. ^. There is a minimum at 
x = 0.04, which is the easiest to notice for T = 30 K. We 
speculate that because of too-small level of substitution, 
neither sufficiently large density of dislocations nor inclu- 
sions could be formed. On the other hand, the doping 
did cause a significant crystal lattice contraction, which 
might have lead to strongly distorted super-current paths 
(for example due to a higher level of porosity) leading to 
the poor J C (H) behavior observed. 
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IV. CONCLUSION 

The main result of this work is the introduction of 
atomic substitutions of both Si and C in the crystal lat- 
tice of the MgB 2 superconductor. This was possible due 
to the counter-balanced atomic size of Si and C, in av- 
erage nearly coinciding with the size of B. The substitu- 
tion was shown to prevail up to rather high doping level 
x ~ 0.3 in the MgB2_ x (SiC) x / 2 composition. At higher 
doping level the doping results in impurities, which even- 
tually suppress the bulk superconductivity. The substi- 
tution was shown to very strongly improve J C (H) de- 
pendence at high applied fields. We suggested a pinning 
mechanism explaining this improvement, in which the 



main intra-granular ingredients are the dominating con- 
tribution of a large number of dislocations induced by 
substitution effect and the secondary contribution of the 
nano-inclusions . 
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